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INTRODUCTION
B rev o o rtia  tyrannua (L at robe) is  co m m erc ia lly  the m ost im ­
portant of th ree  sp e c ie s  of m enhadens occu rrin g  on the A tlantic C oast 
of the United S tates and the on ly  one record ed  in C hesapeake Bay. A 
secon d  s p e c ie s ,  B. am ith i, is  found from  B eaufort, North C arolina, 
southw ard to Indian R iver  C ity, F lo r id a , and a third of doubtful va lid ity , 
B. b rev icau d ata , has been rep orted  only in the v ic in ity  of Noank, Con­
n ecticu t (H ildebrand, 1948). B . tyrannua ranges from  Nova Scotia  
through e a ster n  F lo r id a  and is  fish ed  co m m erc ia lly  throughout its  
range.
The m enhaden, a m em b er of the fa m ily  C lupeidae, is  e a s ily  
d istin gu ish ed  from  re la ted  gen era  such as the h err in gs and sard in es  
or p ilch ard s by its  large  head, d istin ctive  s c a le s  (page 12) and typ ica l 
co loration . The m enhaden is  perhaps the m ost e ffic ie n t f i lte r - fe e d e r  
of a ll the c lu p e id s, for it p o s s e s s e s  an ex tr em e ly  e ffec tiv e  filter in g  
apparatus in  the form  of num erous long, f in e , c lo s e - s e t  g ill r a k e rs .
Only fragm en tary  in form ation  is  availab le concerning the life  
h is to ry  and habits of the m enhaden. The sp e c ie s  c h a r a c te r is t ic a lly
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tr a v e ls  in  sch o o ls  which are recogn ized  by fish e r m e n  from  the reddish  
co lor  they im part to the w ater and the rippling they cause on the s u r ­
fa c e . F ish  of co m m erc ia l s iz e  en ter C hesapeake Bay in  A p ril and few  
are to be found in its  w aters after O ctober. L ittle  is  known about the 
breed ing habits of m enhaden, as illu stra ted  by W alford's (1945) r e fe r ­
ence  to "unknown ocean  spawning grounds1' and h is la ter  (1954) s ta te ­
ment "they spawn in or near e s tu a r ie s . " M enhaden from  C hesapeake  
B ay ev id en tly  spawn in the fa ll  and w in ter, fo r , as Sm ith (1896) and 
H ildebrand and S ch roed er (1927) sta ted , f ish  with w e ll-d ev e lo p ed  gonads 
are found only in the fa ll.
Kuntz and R adcliffe  (1918) d escr ib ed  the eggs and larvae of B . 
tyrannus c o llec ted  at the m outh of the P otom ac R iver  during w in ter. 
D exter H aven (p erson a l com m unication) found larvae  near the mouth 
of the York R iver in sp rin g . M assm ann, Ladd and M cCutcheon (1954) 
obtained p ostlarvae  in A p ril and M ay, young in A p ril through O ctober, 
and ju v en iles  with a m ean fork  length of approxim ately  102 m m . in  
S ep tem b er, in  fr e sh  w aters of the m ajor tr ib u ta r ie s . In the fa ll young 
m enhaden with a m ean fork  length of about 135 m m . are abundant in  
pound net catch es in the low er York R iver .
It is  su rp risin g  that a f ish  as abundant as the m enhaden is  known 
to so  few  people other than fish e r m e n . T his is  probably b ecau se  it is  
used  only r a re ly  for food. M ost m enhaden are p r o c e sse d  in fa c to r ie s  
w here the body o ils  are ex tra cted  and the rem ain ing "scrap" is  used  in
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co m m erc ia l anim al food s. Ten y ea rs ago, about 66 per cent of the 
f is h  o il produced in the United S tates w as obtained from  the P a c ific  
p ilch ard , Sardinopa c a e r u le a , (Banna, 1954). The trem endous d ec lin e  
in abundance of p ilch ard  in recen t y e a r s , coupled with the apparent 
r is e  in  abundance of m enhaden, has se rv e d  to in c re a se  g rea tly  the 
volum e and value of the m enhaden catch. In 1953, m ore than 90 per  
cent of the U. S. production of f is h  o il cam e from  m enhaden (Banna, 
1954), and the to ta l landings of th is sp e c ie s  for the A tlantic  and Gulf 
co a sts  exceed ed  800 ,000  ton s, thus su rp assin g  the reco rd  e sta b lish ed  
by the P a c ific  sard in e f ish e r y  in 1936-37 . About e lev en  per cent of 
the to ta l catch com es from  C hesapeake B ay, and th is is  a lm o st e n tire ly  
from  V irg in ia  w a ters .
M enhaden are of p rim e im p ortan ce, both c o m m e rc ia lly  and as 
a food for  other f is h e s . N e v e r th e le s s , p ra c tica lly  no in form ation  is  
availab le  as a b a s is  for  m anagem ent of the f ish e r y . Sm ith (1896) gave 
som e rough e s t im a te s  of the s iz e s  of m enhaden in C hesapeake Bay at 
d ifferen t t im es  during the fish in g  se a so n . B igelow  and W elsh  (1925) 
d escr ib ed  the growth rate for the population in the Gulf of M aine. Rush  
(1952) ob served  m arkings on the s c a le s  w hich he in terp reted  as annuli, 
and ca lcu la ted  a growth rate for  m enhaden in the B eaufort, N orth C aro­
lin a , reg ion  b ased  upon m ea su rem en ts of 34 f ish . In 1953 F red  C.
June, f ish e r y  r e se a r c h  b io lo g is t  of the U. S . F ish  and W ildlife S erv ice  
at N ew ark , D elaw are, began to gather inform ation  on the co m m erc ia l
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f ish e r y  in D elaw are Bay (p erson a l com m unication). A p icture of the 
m enhaden f ish e r y  in  the 19th century and a la rg e  quantity of su p er ­
f ic ia l  in form ation  on the natural h is to ry  of the sp ec ie s  w ere g iven  by 
Goode (1879* 1884) and Goode and C lark (1887). E lliso n  (1951) p r e ­
sen ted  a gen era l rev iew  of the h is to r y  of the m enhaden f ish e r y  and a 
sum m ary of the life  h is to ry . Dee (1952) traced  the developm ent of 
the ind ustry  in the United S ta te s .
The grow ing im portance of the m enhaden industry , and the w arn­
ing im p lic it  in  the catastrop h ic  d ec lin es in ava ilab ility  of sard in es and 
other re la ted  sp e c ie s  of co m m erc ia l va lu e , ca ll for a c lo se  study of 
the m enhaden stock s and the e ffe c ts  of the f ish e r y  upon them . The 
study d escr ib ed  h ere in  fo rm s a part of the la rg er  co a stw ise  in v e stig a ­
tions now under way. Changes in a f ish  population u su a lly  can be 
fo llow ed  m ost e a s ily  by exam ining sam p les of the co m m erc ia l catch.
The f ir s t  problem  that one m eets  in  such in vestiga tion s is  the need for  
a re lia b le  m ethod of age d e term in a tio n , for  u n less the age of the f ish  
is  known, the re la tiv e  contributions of the variou s y e a rs ' spaw nings 
cannot be a s s e s s e d . Im portant a lso  is  a know ledge of the growth ra te , 
for  the in teraction  of growth and m orta lity  d eterm in es the stage  at 
which the population can be exp lo ited  m ost e ffe c tiv e ly . T his study of 
age and growth rate is  a n e c e ss a r y  p re lim in ary  to the routine exam in a­
tion of the catch .
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MATERIALS AND METHODS 
F orty -tw o  sam p les tota lling  4 , 115 m enhaden w ere gathered  
from  two s o u r c e s , pound-net and p u r s e -s e in e  ca tch es . P u rse  se in e s  
are  the m ore im portant of the two gears and take about 93 per cent 
of the m enhaden caught in C hesapeake B ay. A lthough the pound-net 
catch  is  r e la t iv e ly  sm a ll, th is gear can be sam p led  much m ore e a s ily
from  the L aboratory at G lou cester  P oint, fo r  se v e r a l pound nets are
*
operated  nearby. The p u r se -se in e  ind ustry , on the other hand, is  
cen tered  at R e ed v ille , near the mouth of the P otom ac R iver .
P ound-net sa m p les w ere c o lle c te d  w eek ly  from  A p ril 21, 1954, 
to O ctober 5, 1954, from  ca tch es landed at the York R iver Seafood  
Com pany, P e r r in , V irg in ia . N ets w ere loca ted  near the m outh of the 
York R iver  at varying d ista n ces from  the sh ore  and in varying depths 
of w ater. The fish e r m e n  com m only cull the m enhaden, h err in g , and 
other f ish e s  not so ld  as food into a sep arate  se c tio n  of the boat to be 
so ld  as crab bait or scra p  f ish . It was from  this portion of the catch  
that sa m p les w ere  taken. B a sk ets  w ere handed to a fish erm an  who 
f i lle d  them  with a sh ovel or by hand under carefu l ob servation  to en su re  
that no obvious se le c t io n  took p la ce .
P u r s e -s e in e  sam p les w ere  co llec ted  from  June 21, 1954, until 
O ctober 25, 1954, from  boats docking at the plant of the R eed v ille  O il 
and Guano Com pany, R e ed v ille , V irg in ia . The ca tch es w ere  m ade at 
m any d ifferen t points sca ttered  about C hesapeake B ay and o cca s io n a lly
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in the open ocean  not far  outsid e the Bay en tran ce. Random sam p les  
usu ally  w ere  taken by the author p erson a lly  or under h is su p erv isio n  
from  the f ir s t  boat to reach  the dock.
When the sam p le  contained m ore than 100 f ish  the f ir s t  100 
w ere exam in ed , and the r e s t  d iscard ed . F o r  each  sp ec im en  the fo llo w ­
ing data w ere secu red : fork  lengthNy/to the n e a r e st  m illim e te r , w eight
S^Uhtil the end of July the standard length (to the end of the s i lv e r y  
area  on the caudal peduncle) was record ed . A fter  this date, to make 
the m easu rem en ts co n sisten t with those being record ed  at other points 
along the co a st, fork  lengths w ere m easu red  for  a ll sa m p le s . A con­
v e rs io n  factor  w as ca lcu la ted  and used  to convert m easu rem en ts of the 
e a r lie r  sam p les to fork  length.
in gram s on a H anson sprin g  b a lan ce , s e x , stage  of m aturity  of the gonads, 
and a sam p le  of s c a le s .
A ll s c a le  sa m p les w ere  taken from  an area  d ir ec tly  behind the 
p ecto ra l fin  but not including s c a le s  im m ed ia te ly  adjacent to the fin .
It w as noted that s c a le s  from  this area  w ere  la rg e r  and m ore even ly  
shaped than those from  any other area  of the body. P er lm u tter  and 
C larke (1949) su g g ested  that the la rg er  s c a le s  on a f ish  w ere  m ost  
lik e ly  the f ir s t  to appear, and hence should rep resen t the growth pattern  
m ost ex a ctly . S c a le s  w ere  p laced  without cleaning in  num bered coin  
en v e lo p es .
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In the laboratory  about eigh t or ten  s c a le s  w ere rem oved  from  
each  envelope and p laced  in sep arate  sta in ing d ish es f i lle d  with tap  
w ater. S ev era l s c a le s ,  s e le c te d  by exam ination  under a strong ligh t, 
w ere clean ed  by running betw een the thumb and fo re fin g er . The b est  
two s c a le s  thus prepared  w ere then p laced  one above the other on a 
g la ss  s lid e . In th is way, s c a le s  from  five  f ish  could be m ounted con­
ven ien tly  in sequ en ce on one s lid e . A secon d  slid e  w as p laced  on top 
of the f ir s t  and the two w ere fa sten ed  togeth er  at the ends with sco tch  
tape. A sm a ll gum m ed lab el bearing the sam p le  num ber and the s e r ia l  
num bers of the individual f ish  a lso  was included betw een  the s lid e s  to 
the le ft of the f ir s t  pair of s c a le s .
S c a les  w ere read  with a standard P ro m i projection  m icro sco p e  
at a m agn ification  of 67 d ia m e ter s . The readings w ere made in a
S^ Scales of f ish  th ree  or  m ore y ea rs  old and s c a le s  of som e ju v en iles  
near the end of th e ir  secon d  year*s growth w ere  so m etim es too large  
for  th is  m agn ification , and w ere  m agnified  only 30. 5 d ia m eters . T h ese  
read ings w ere  then con verted  to the m agn ification  used  on the sm a lle r  
s c a le s .
darkened room  with the im age p rojected  v e r t ic a lly  on a c lean  sh eet of 
white paper on the d esk . A card fiv e  in ch es long and one and o n e-h a lf  
in ch es wide w as la id  w ith its  long ax is  along the a n te ro -p o ste r io r  ax is  
of the s c a le  and the c r it ic a l m arkings w ere  record ed  on the card with  
a sharp  p en cil (F ig . 1).
F ig . 1 -  M ethod used  for  record in g  c r it ic a l s c a le  data. 
S ca le  shown has th ree  annuli.
ANTERIOR  
* MARGIN
9  • ANNULUS
2  • ANNULUS
I • ANNULUS
0  • B A S E L IN E
SA M P L E  NO. AND 
SERIAL NOS. OF FISH
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SIZES OF MENHADEN IN THE COMMERCIAL CATCH
Found Net F ish e r y  
The data in tab le I and length frequ en cy  polygons in figu re  2 
are ch a ra cter ized  by ra her d istin ct peaks or m od es. The left-h an d  
peak in the upper d istr ib u tion  in figu re  2 m ay be fo llow ed  through the 
en tire  se a so n , p r o g r ess in g  rather regu lar ly  tow ard the r igh t. T his 
m ight be in terp reted  as rep resen tin g  the growth of a d istin ct and hom o­
geneous group of f ish . A secon d , le s s  d istin ct s e r ie s ,  to the right of 
the f ir s t ,  tends to d isapp ear in the fa ll. A third group of f ish , of 
sm a lle r  s iz e , appears tow ard the end of the fish in g  sea so n .
W alford and M osher (1943) obtained a som ew hat s im ila r  p icture  
of s iz e  d istr ib u tion  in the P a c if ic  sa rd in e , Sardinops ca er u lea . T heir  
argum ent se e m s  to apply equally  w e ll to the m enhaden data. When the 
two princip al s iz e  groups appear in stren gth , as in  the secon d  half of 
M ay, the to ta l range in length  is  about 120 m m . The availab le  sp ace  
for  other age groups to occupy tow ard the le ft is  a lso  about 120 m m .
It is  true of a lm o st a ll f ish e s  that growth is  m ost rapid in e a r ly  l ife , 
hence the younger age groups are sep arated  m ore w idely  in  m ean length. 
Thus th ere  would se em  to be in su ffic ien t room  for  two age groups on 
the le ft s id e  of the p rin cip a l m ode. A s a working h y p o th esis , th e re fo re , 
it  m ay be a ssu m ed  that the f ir s t  peak appearing in the spring catch rep ­
r e se n ts  f ish  beginning th e ir  secon d  year of l ife . This hyp oth esis is  
fu rther supported by two fa c ts :  (1) the new  group of sm a ll f ish  that
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F ig . 2 -  S iz e s  of m enhaden in the 1954 pound-net catch  of 
C hesapeake B ay e x p r e sse d  as length fre q u en c ie s . Sam p les are  
grouped by p er iod s of th ree  w eek s.
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appears in the fa ll  (left-h an d  peak in the low er polygon) is  ju st s lig h tly  
le s s  in m ean  length than the group that fo rm s the m ajor sprin g  peak,
( 2) the right-hand peak in the fa ll  (low er polygon) c o n s is ts  of f ish  ju st  
s lig h tly  sm a lle r  than those in the right-hand peak in sp rin g . The 
en tire  s e r ie s  of m od es, if rep eated  for s e v e r a l s u c c e s s iv e  y e a r s ,  
would appear to form  a sm ooth  s e r ie s ,  rep resen tin g  the grow th of 
se v e r a l adjacent age-grou p s of f ish . F u rth erm ore , the ava ilab le  
length record s of v ery  young m enhaden (M assm ann, Ladd, and M c- 
C utcheon, 1954), as ind icated  by the b lack  sq u ares and left-h an d  
broken lin e  in figu re  2, form  a reason ab le  s e r ie s  with the f ir s t  mode 
in the low er polygon, and se e m  to support the h yp othesis that th is  
group indeed  r ep re sen ts  f ish  in the f ir s t  year of life .
The length m ea su rem en ts from  pound-net sa m p les  th erefore  
seem  to show  that m ost of the f ish  are  in th e ir  secon d  year of l ife ,  
that f is h  in  th eir  third year  form  a sm a ll part of the catch  e a r ly  in  
the se a so n , and f ish  in th eir  f ir s t  year appear in ap p reciab le  num bers 
in the fa ll. The apparent len gths at the end of each  year  of life  are  
ap p rox im ately  120 m m . at the end of the f ir s t  y ea r , 200 at the end of 
the secon d , and 250 at the end of the third.
P u r se  Sein e  F ish e r y
The data in  tab le II and length frequ en cy  polygons in  figu re  3 
show  two d istin ct m od es. The right-hand peak, com p osed  of r e la tiv e ly  
la rge  f ish , dom inates the e a r ly  su m m er catches but tends to d isappear
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of C hesapeake B ay e x p r e sse d  as length  fr e q u en c ie s . Sam p les are  
grouped by p er iod s of th ree  w eek s.
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in the fa ll. The left-h an d  peak, com p osed  of sm a lle r  f is h , b eco m es  
r e la tiv e ly  m ore im portant as the fish in g  se a so n  p r o g r e s s e s .
The regu lar p r o g r ess io n  of the inodes to the right in both s iz e  
groups probably r e f le c ts  the growth of the f ish . F is h  rep resen ted  by 
the left-h an d  m ode in the low er  freq u en cy  polygon approach in s iz e  
f ish  rep resen ted  by the right-hand m ode in the upper polygon. In­
form ation  from  fa ll pound-net ca tch es and other ava ilab le  length  
reco rd s of young m enhaden (M assm ann, L.add and M cC utcheon, 1954) 
p erm its  a rough e stim a te  of the grow th pattern during the f ir s t  year  
of life  (b lack sq u ares and broken lin e  in figu re  3).
A nalogous to con clu sion s concern ing the age of s iz e  groups in 
pound-net ca tch es (page 9) the dotted lin e  to the le ft in figu re  3 se e m s  
to r ep r e se n t f ish  in th e ir  f i r s t  year of life ; the le ft-h an d  m odes of the 
frequ en cy  polygon s, f ish  in th e ir  second; and the right-hand m od es, 
f is h  in th e ir  th ird  year of l ife . A pparent len gths at the end of each  
year of life  as e st im a te d  from  p u r se -se in e  ca tch es are approxim ately  
210 m m . at the end of the secon d  year and 250 at the end of the third.
Sm ith  (1896) rep orts the s iz e s  of m enhaden in the p u r se -se in e  
ca tch es of C hesapeake B ay and off the V irg in ia  co a st in a gen era l way  
but does not sp ec ify  how the f ish  w ere  m easu red . He sa y s  that in  
O ctober and N ovem ber f ish  w ithin the Bay w ere running rather sm a ll  
averaging  s ix  and o n e-h a lf to eigh t in ch es (165-203  m m . )  in length. 
T h ese  ev id en tly  rep re sen t a m ixture of f ish  in th eir  f i r s t  and secon d
-  12  -
year of l ife . During the sp rin g  and su m m er he s ta te s  that f ish  caught 
in the se in e s  ranged from  four and o n e-h a lf to e lev en  in ch es (114-279 m m . )  
the average  being s ix  to e igh t in ch es (152-203  m m . )  long. He sa y s  Mit  
i s  rep orted  that s in ce  1890 the average  s iz e  of f is h  in  the bay has been  
sm a lle r  than prior to that tim e . M
-  13  -
AGE DETERMINATION  
B rev o o r tia  tyrannus m ay be sep arated  e a s ily  from  the other  
h e r r in g -lik e  f ish e s  of C hesapeake Bay on the b a s is  of the s c a le s  a lone. 
S c a le s  from  the fla tter  portions of the body are a lm o st rectangular in  
shape with a v e r t ic a l an terior  ed ge. T hose from  m ore curving portions 
of the body such as the back and b e lly  are rounded a n ter io r ly , but the 
d o r so -v e n tr a l a x is is  s t i l l  r e la t iv e ly  long. About on e-fifth  of the area  
of the s c a le ,  exp osed  p o s te r io r ly , is  unsculptured , and its  border is  
equipped w ith a row of prom inent c ten ii, s tru c tu res  not found on the 
s c a le s  of other clu peid s of the B ay. M enhaden s c a le s ,  unlike those of 
m ost other c lu p eo id s, are  quite f ir m ly  attached , and lit t le  trouble was 
encountered  in obtaining sa m p les  from  the d e s ir e d  a rea s  of the body.
The an terior  portions of m enhaden s c a le s  are  scu lp tu red  on the 
upper su rface; and annuli, when p resen t, are  the m ost d istin ctive  m ark­
in g s . T h ese  are form ed  on m enhaden s c a le s  by a w idening of the sp a ces  
betw een  s tr ia e , u sually  accom pan ied , at le a s t  in som e part of the s c a le ,  
by a d iscon tin u ity  in the pattern of the s tr ia e . The f ir s t  problem  in  
develop ing a m ethod of age determ ination  is  to e s ta b lish  that th ese  are  
tru ly  annual m ark in gs. A s a n e c e s s a r y  p re lim in a ry  a defin ite  cr iter io n  
of an annulus m ust be adopted.
F o llow in g  the m ethod of W alford and M osher (1943) the fo llow ing  
standards w ere adopted to identify the annulus in m enhaden sc a le s :
1. An annulus m ust be con cen tr ic  with the m argin  of the scu lp tured
-  14  -
portion  of a s c a le .
2 . An annulus need not a lw ays be a sharp  lin e , but can be traced , 
by carefu l scru tin y  if  n e c e s s a r y , around the en tire  scu lp tu red  part 
of the s c a le .
3. Annuli are c le a r ly  sep arated  from  one another and do not m eet  
at any point.
4 . If an annulus has form ed , it  is  p resen t in  a ll the norm al s c a le s  
of an ind ividual.
5. One annulus, but n ev er  m ore than one, m ust be form ed  each  
yea r .
Other m arks of som ew hat s im ila r  app earance, term ed  fa ls e  annuli, 
com m only  encountered  on the s c a le s  of m any f is h e s ,  but se ld om  se e n  on 
m enhaden s c a le s ,  m ay be d istin gu ish ed  from  trus annuli as fo llow s:
1. F a lse  annuli are le s s  d istin ct than true annuli, and u su a lly  are  
not continuous around the en tire  scu lp tu red  portion.
2. F a ls e  annuli m ay be s c a r - l ik e  or o th erw ise  abnorm al in app ear­
ance.
3. F a ls e  annuli r a re ly  appear in  a ll the s c a le s  of an individual.
Am ong other m arkings p resen t on a sc a le  w ere the tr a n sv e r se  
g r o o v e s , deep grooves running d o r so -v e n tr a lly  a c r o ss  the s c a le . The 
m o st p o ster io r  groove extends a c r o s s  the s c a le  from  m argin  to m argin  
and for  conven ien ce in  s c a le  m easu rem en t has been term ed  the b ase  
lin e . A lm o st a lw ays the grooves are le s s  d istin ct tow ards the im bedded
-  15  -
portion of the s c a le , and appear to degenerate  into s e r ie s  of broken  
lin e s  w hich b ecom e fa in ter  and fa in ter  until they seem  to d isappear co m ­
p le te ly  on the an terior  third or quarter of the s c a le . S tr iae  cover the 
scu lp tu red  portion , appearing as fine lin es  running d o rso -v en tra lly  
a c r o s s  the s c a le . T h ese  are cau sed  by sm a ll w a v e-lik e  upfurnings of 
the s c a le  su r fa c e .
A ll m easu rem en ts of the p ro jected  im a g es of the s c a le s  o r ig ­
inated  at the b ase  lin e . The b ase  lin e  var ied  in width and d is tin c tn e ss , 
but w ith carefu l focu sin g  it could be r e so lv e d  into a fa ir ly  narrow  and 
c le a r ly -d e fin e d  m arking. A p en cil m ark w as drawn on the record in g  
card (F ig . 1) at the an terior  edge of th is lin e . When an annulus was 
p resen t, a lin e w as p rojected  onto the record in g  card w here the annulus 
in te r se c te d  the a n te ro -p o ste r io r  a x is . If, at th is point of in te r sec tio n , 
the annulus w as d iffuse or i ll-d e f in e d , its  p osition  was loca ted  by e x tr a ­
polation  of the curvature of the m ore d istin ct p ortion s. If a secon d  or  
third annulus was p resen t it w as record ed  in  s im ila r  fash ion . The fin a l 
m arking on the record in g  card co in cided  w ith the an terior  edge of the 
s c  le .
The f ir s t  four c r ite r ia  adopted for  recogn ition  of an annulus are  
a rb itra r ily -d e fin ed  c h a r a c te r is t ic s  that need  no further elab oration . The 
fifth  cr iter io n , h ow ever, that one, and only one, annulus be form ed  each  
y ea r , m ust be exam in ed  and e sta b lish ed . If it can be shown, fo r  f ish  
having an equal num ber of m arks conform ing to the f ir s t  four c r ite r ia ,
-  16  -
that the m argin al in crem en t of s c a le  m a ter ia l outsid e the la s t  m ark  
in c r e a se s  in width throughout the y ea r , and that m ost, if  not a ll such  
m arks are form ed  during a defin ite  se a so n , then th ese  m arkings can 
be c a lled  annuli.
In table III the freq u en cy  d istr ib u tion s of in crem en t w idths, in  
c la s s e s  of th ree  arb itrary  u n its, are  shown for  f ish  in th e ir  secon d  
year  of l ife  grouped by periods of th ree  w eek s. A stead y  in c r e a se  in  
width as the se a so n  p r o g r e sse s  is  obviou s. F igu re  4 show s c le a r ly  
the growth of the m argin al in crem en t in  s c a le s  c o llec ted  at d ifferent  
t im e s . In figu re  5, the m ean w idths of the m argin al in crem en ts for  
s u c c e s s iv e  groups of sa m p les  show  a stea d ily  in crea s in g  trend . The 
sam e finding is  illu s tra te d  in  a d ifferent way in figu re  6 , in  w hich an 
arb itra ry  dividing lin e betw een  narrow  and wide in crem en ts was e s ­
tab lish ed , and the proportions of f is h  having narrow  in crem en ts  w ere  
plotted  aga in st t im e . F ig u re  6 i llu s tr a te s  c le a r ly  the point that annulus 
form ation  was taking p lace in  the sp r in g , that a ll annuli for  f ish  in th e ir  
secon d  year  of life  had been  fo rm ed  by m id-M ay, and that the s c a le s  
grew  out beyond the annulus for the rem ain d er of the se a so n .
S u rp ris in g ly  few  s c a le s  w ere im p o ss ib le  to read . Only about 
th ree  per cent of a ll s c a le s  exam ined  had to  be d iscard ed  b eca u se  they  
w ere  abnorm al in som e way. U su a lly  a m uch h igher proportion  of 
s c a le s  from  sa m p les of c o m m erc ia lly  im portant f ish e s  are i lle g ib le .  
P erh ap s reading would have been  le s s  su c c e s s fu l if  m ore o ld er  f ish
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F ig . 4 - S c a le s  show ing in c r e a se  in m arg in a l in crem en ts as  
the se a so n  p r o g r e sse d . Top row  from  le ft  to right: s c a le  from  fish  
140 m m . long taken A p ril 21 and sc a le  from  f is h  137 m m . long  
taken May 10. B ottom  row  from  left to right: s c a le  from  f ish  
155 m m . long caught June 7 and one from  a f ish  208 m m . in length  
taken Septem b er 9.

Upper
F ig . 5 -  M ean m argin al in crem en ts of s c a le s  of f is h  in  th e ir  
secon d  year of l ife  taken fro m  pound-net sa m p les grouped by p er iod s  
of th ree  w eek s. D ates are  fo r  the m iddle sa m p le  of each  group.
L ow er
F ig . 6 -  P ercen ta g e  of s c a le s  with m arg in a l in crem en ts le s s  
than 19 a rb itra ry  units of m easu rem en t from  f ish  in  th e ir  secon d  
year of life  c o lle c te d  each  w eek in the pound-net f ish e r y .
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had been encountered , for  it is  g en era lly  accep ted  that the d ifficu lty  
of reading in c r e a se s  rapidly w ith age. The o ld e st  f ish  encountered  
w as in its  fourth year  of l if e .  T yp ica l s c a le s  from  fish  of d ifferen t 
ages are illu s tra te d  in figu re  7,
T here w as a v ery  c lo se  corresp on d en ce betw een the ages of f ish  
as d eterm in ed  from  the s c a le s ,  and the ages deduced a rb itra r ily  by 
sep aratin g  the m odes in  the length freq u en cy  d istr ib u tion s (T able IV). 
U n less both m ethods w ere  in e r r o r , w hich se e m s  un likely , th is agree*  
m ent se e m s  to confirm  the accu racy  of age determ ination .
The dom inant a ge-grou p  in the co m m erc ia l f ish e r y  in C h esa ­
peake Bay in 1954 co n sisted  of f ish  in th e ir  secon d  year of l ife . T h ese  
m ade up about 70 per cent of the to ta l catch , and the rem ain ing 30 per  
cent c o n sis te d  a lm o st e n tir e ly  of f ish  in their  th ird  year .
F ig . 7 -  S c a le s  fro m  m enhaden in th e ir  secon d , third and 
fourth  y e a rs  of l ife . F ro m  top to bottom s sc a le  from  a f ish  137 
m m . long in its  secon d  year  of l ife  taken M ay 10, s c a le  from  f ish  
219 m m . long in  its  th ird  year  of l ife  taken M ay 24 and sc a le  from  
a f ish  261 m m . in length  and w e ll along in  it s  fourth year  of life  
taken A ugust 9. N ote that although sa m p les w ere  taken p r o g r e ss iv e ly  
la ter  in  the se a so n  the m argin al in crem en ts are  n ea r ly  the sam e  
s iz e ,  dem onstrating  the s lo w e r  growth rate of o ld er  f ish .

TABLE IV - A C om p arison  of M enhaden A ges as D eterm in ed  from  
In sp ection  of Length F req u en c ies  and from  S ca le  R eadings
N um ber of annuli from  
sc a le  read ings
E stim a ted  num ber of
N um ber of 
annuli T otal P ercen ta g e
N um ber of 
annuli T otal P ercen tage
21 A p ril -  10 M ay
0 53 16. 72
1 232 73. 19 1 279 87. 46
2 29 9. 15 2 39 12 . 23
3 3 0 .9 5 3 1 0. 31
7 May - 31 May
1 223 76. 90 1 218
2 65 22 .41 2 82
3 2 0 .6 9
7 June - 21 June
1 260 85. 81 1 266
2 42 13. 86 2 42
3 1 0. 33
72. 67 
27. 33
86 . 36 
13. 64
290
8
28 June - 12 July  
9 7 .3 2  | 1 | 295
2 . 68
98. 33 
1. 67
285
10
19 July - 2 A ugust 
9 6 .61  | 1 I 295
3. 39 2 5
98. 33 
1. 67
9 A ugust - 23 A ugust
1 286 9 5 .9 7 1 290 9 6 .6 7
2 9 3. 02 2 8 2. 67
3 3 0 . 10 3 2 0 .6 7
21 A ugust -  13 Septem ber
0 1 0. 34
1 292 99. 32 1 300 | 100 .00
2 1 0. 34
F is h  in th e ir  secon d  year  of life  are  underlined.
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RATE OF GROWTH 
An im p r e ss io n  of the growth rate of m enhaden in C hesapeake  
Bay has been  gained a lread y  from  an in sp ection  of f ig u res  2 and 3, 
and approxim ate lengths at the end of each  year  of life  have been sta ted  
for  pound-net and p u r s e -s e in e  sa m p le s . In an attem pt to define m ore  
p r e c is e ly  the growth rate of the dom inant age-grou p  in the f ish e r y ,  
f ish  in th e ir  secon d  y ea r , the average lengths at the tim e  of capture  
w ere com puted for  each  group sam p led  (T ab les V and VI, F ig . 8).
S eparate lin es  w ere fitted  by eye to the m eans for  the pound- 
net and the p u r se -se in e  sa m p le s . The ra tes of growth are ap p rox im ately  
the sa m e , although the p u r se -se in e  f ish  w ere  co n sisten tly  som ew hat 
la r g e r . S trik ing an average  b etw een  the two se ts  of sam p les it appears  
that m enhaden in th e ir  secon d  year are perhaps 160 m m . in fork  length  
at the beginning of M ay and reach  n ear ly  215 m m . by m id -O ctob er.
T h ere  is  som e su ggestion  that the growth rate d e c r e a se s  in  la te  S ep tem ­
b er  and O ctober. T h ere i s  a lso  a hint that growth is  m ore rapid in  
sprin g  than in su m m er , but th is  is  l e s s  w e ll supported by the data.
S trik ing an average  betw een  the pound-net and p u r se -se in e  
sa m p le s , the fork length© at the end o f each  year of life  for  m enhaden  
in  C hesapeake Bay are: 120 m m . at the end of the f ir s t  year; 205 m m . 
at the end of the second; and 250 m m . at the end of the th ird .
E vidence from  sc a le  m ea su rem en ts in d ica tes that the grow th  
ra te s  ca lcu la ted  for m enhaden in th e ir  secon d  year m ay be som ew hat
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F ig . S - M ean fork  lengths in m illim e te r s  of f is h  in  th e ir  
secon d  y ear  of l ife  taken fro m  the pound*net and p u rse* se in e  
f i s h e r ie s .
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b elow  the actual r a te s . M easu rem en ts of the d istan ce  from  b a se  line  
to annulus w ere  lum ped into th ree  groups and the m ean width of the 
f ir s t  y e a r 's  growth for  each  group com puted (T able VII), It was 
found that d is ta n ces  from  the b ase  lin e  to the annulus d e c re a sed  con­
s id era b ly  during the sam p lin g  period . S ta tis t ic a lly  th is  d e c r e a se  w as 
found to be h igh ly  s ig n ifica n t, for  th ere  w as m uch le s s  than one chance  
in one hundred that the sc a le  sa m p les in th e se  th ree  groups could have 
been  drawn from  the sam e population w ith r e sp e c t  to s iz e  as deduced  
from  the s c a le s  (F  = 288 . 41;  F q qj = 4 .6 0 ) . It m ay be that, as the 
se a so n  p r o g r e s s e s , new  f ish  a re  continually  being recru ited  into the  
co m m e rc ia l s to c k s . T h ese  f is h  a re  ch a ra cter ized  by a stea d ily  d e­
c re a s in g  length  at the end of the f ir s t  year  of l ife , as deduced from  the 
s c a le s .
TABLE VII - D ista n ces  from  the B a se  L ine to the Annulus on 
S c a le s  of M enhaden in T h eir  Second Y ear of L ife
Length
in a rb itrary  21 A p r il-7 June 14 J u n e -26 Ju ly  2 A u g u st-13 Sep tem b er  
units N um ber of s c a le s  N um ber of s c a le s  N um ber of s c a le s
38 - 47 - - 2
48 - 57 10 8 28
58 - 67 53 124 187
68 - 77 187 311 322
78 - 87 178 165 122
88 -  97 86 47 30
98 - 107 20 2 6
108 - 117 __ 3 ___
T ota ls 537 658 697
M ean  
d istan ce  
from  b ase
to annulus 7 9 . 6 2  7 4 .4 6  7 1 . 8 4
-  20  
SUMMARY
This rep ort is  b ased  on the exam ination  of 42 sa m p les of m en ­
haden, of about 100 f ish  ea ch , taken from  the co m m e rc ia l pound-net 
and p u r s e -s e in e  ca tch es in V irg in ia  in 1954.
The to ta l range in  fork  length  of th ese  f is h  w as 119 to 273 m m . 
in  pound n ets and 165 to 283 m m . in p u rse  s e in e s .  S e v e ra l d istin ct  
m odes appeared in  the freq u en cy  d istr ib u tion s of len gths for  the s e r ie s  
of sa m p les  from  each  g ea r . T h ese  m odes w ere  in terp reted  as r ep ­
resen tin g  f ish  in  th e ir  f ir s t ,  secon d , and th ird  year  r e sp e c t iv e ly .
F is h  in  th e ir  secon d  year of life  appeared in the ca tch es m ost con ­
s is te n t ly . F is h  in th e ir  th ird  year  appeared p r in c ip a lly  in sp rin g  and 
e a r ly  su m m er . The se co n d -y e a r  f is h  dom inated the pound-net catch  
throughout the y ea r , and a lso  dom inated the p u r s e -s e in e  fish ery , 
although in e a r ly  su m m er the o ld er  f ish  w ere  tem p o ra r ily  the dom ­
inant group in the se in e  f ish e r y .
A ges w ere  deduced fro m  lengths on the b a s is  of the d istin ct  
m odes they produced on the length freq u en cy  d istr ib u tion , and on the 
apparently  reason ab le  assu m p tion  that only one other s iz e  group could  
f it  into the le ft  of the f ir s t  m ode to appear. P u b lish ed  in form ation  on 
len gths of p o stla rv a e  and young se e m e d  to f it  th is h y p o th esis , although  
th e se  young, w hich w ere  c o lle c te d  in tida l and fr e s h  w aters of the 
e s tu a r ie s  w ere  som ew hat sm a lle r  than m ight be exp ected  in re la tion  
to the s iz e s  reco rd ed  fro m  the pound-net and p u r s e -s e in e  sa m p le s .
H ow ever, th ere  w as a d iscrep an cy  in length a lso  betw een  f ish  of the  
sam e age caught in pound n ets and pu rse s e in e s . T his lack  of com ­
p le te  a greem en t is  not unexpected in v iew  of the w ell-k now n habits
of clu peid s in which the younger or sm a lle r  f ish  tend to sta y  near _
sh o re  and the o ld er  or la rg e r  ind ividuals inhabit deeper w aters  
fa rth er  from  land.
The s c a le s  of m enhaden are d is tin ctiv e  am ong the c lupeids  
in  that they  b ear a row of c ten ii along the exp osed  p o ster io r  b ord er . 
The annuli are  c le a r ly  m arked , at le a s t  in  the r e la t iv e ly  young f is h  
exam in ed , and a ges are  r e la t iv e ly  e a sy  to d eterm in e . The ages as  
d eterm in ed  from  the s c a le s  corresp on d  a lm o st e x a c tly  w ith th ose  
e stim a te d  by the m ore  arb itrary  m ethod b a sed  on length . The dom ­
inant age group in the c o m m erc ia l f ish e r y  in 1954 c o n s is te d  of f ish  
in  th e ir  secon d  y e a r , w hich m ade up about 70 per cent of the to ta l 
catch  in V irg in ia  w a te rs . Of the rem aining 30 per cen t, a lm o st a ll 
w ere  in th eir  th ird  y ea r .
The m ean  s iz e ,  obtained by averag in g  the data from  the two 
co m m e rc ia l g e a r s , w as: 120 m m . at the end of the f ir s t  y e a r , 205 
m m . at the end of the seco n d , and 250 m m . at the end of the th ird .
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CONCLUSIONS
Two ten tative  con c lu sion s can be drawn from  th is study, f ir s t ly  
that p red iction  of p u r s e -s e in e  ca tch es at le a s t  s ix  m onths to a year  in  
advance se e m s  a d istin ct p o s s ib ility , and seco n d ly  that the f ish e r y  
o ffer s  p ro m ise  of co n sid era b le  in sta b ility .
P red ic tio n  m ay be p o ss ib le  through an exam in ation  of the pound- 
net c a tc h e s , e sp e c ia lly  in  the fa ll . The incom ing y ea r  c la s s ,  w hich  
m ay contribute the bulk of the co m m erc ia l catch  the fo llow ing y e a r , 
appears in r e la t iv e ly  la rg e  num bers in  pound-nets in  late Septem ber  
and e a r ly  O ctob er. P erhap s by ob serv in g  the r e la tiv e  stren gth  of th is  
fa ll group of young, an accu ra te  fo r e c a s t  m ay be p o ss ib le . T his hy­
p o th es is  m ust be te s te d  over  a period  of y e a r s .
The fo r e c a s t  of in sta b ility  is  b a sed  on the low  average age of 
f ish  in the catch , and the unusual dom inance of f is h  in  th e ir  secon d  
year  of l ife . If th is  age pattern  is  ty p ica l, it  is  obvious that a spawning  
fa ilu r e , if only for one y ea r , m ay have d ecid ed ly  a d v erse  e ffe c ts  on 
the catch , u n less  recru itm en t from  other a r ea s  i s  co n sid era b le . The 
r e lia b ility  of th is  p red ictio n  a lso  m ust aw ait the accum ulation  of much  
m ore know ledge of m enhaden b io logy .
It is  a com m on opinion am ong f ish e r m e n  that the average s iz e  
of m enhaden in C hesapeake ©ay has b een  d ecrea s in g  for  a num ber of 
y e a r s . C oncern has been  e x p r e sse d  by b io lo g is ts  that th is trend  m ay  
be ev id en ce  of ov erex p lo ita tio n  of the f ish e r y . H ow ever, it would se e m
-  23  -
that a s im ila r  tren d  o c cu rr ed  in  the 1890's (Sm ith , 1896) involv ing  
f is h  of m uch the sam e s iz e  as th ose  m aking up the p r e sen t-d a y  p u r se -  
se in e  catch . T h is su g g e s ts  that c a u se s  o th er  than fish in g  p r e ssu r e  m ay  
be operatin g  to  cau se  an average  d e c r e a se  in  the s iz e  of in d iv id u a ls.
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